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ABSTIRACT

The first four harmonics of the diurnal lunar varia-

tion and the semimonthly lunar tide for two years TEC data at

i.~1Ebro and Hamiltonpand for some other ionospheric parameters
at Ebro have been obtained, For the parameters with sufficient
number of data, the lunar harmonies f or the different seasons

have also been obtained. The relation between the dirunal, lui-

nar variation of the height and the electronr density of the
maximum of the P2 layer seems to be soltir dependent with a

change of the phase at about 1000 SLT. The diurnal solar varia,
tion of the semimonthly lunar tide is also discussed.
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INTRODUCTI ON.

In a previous report (Alberca et al. 1980) the total oleo

tron content (TEC) date of Hamilton (suiono 38.79 N, 70,79 IV)
corresponding to 1976 and the data of the Paraday rotation of
1978 of Ebro Observatory (subion. 37,19 N, 1.59 W), were ana-
lized by the Chapman-M1iller method as described by Malin and
Chapman (1970) in order to obtain the lunisolar tidal compo-
nents in both stations. Also the semimonthly lunar tide and

its solar diurnal variation at these two stations were obtai-
ned. The results show the need of extending the analysis to a
larger ammount of data to reduce the calculated errors.

In the present report we shall apply the Chapman-Miller
method to the data of two years of the same stations:1975-76
of Hamilton (Kindly supplied by Dr. Klobuohar) and 1978-1979
of Ebro. le shall analyse also, by the same method, the 1979
data of the critical frequency of the P2 layer (foP2)9 the
"parabolic height" of the F2 layer (hpP2), the electron den-
sity of the maximum of the P2 layer (Nm=l.24.P2A*2) and the
slab-thickness ( - TEC/Nm), and we shall compare the re-

sults obtained for these four parameters with those of the
TEC for the same year.

RESULTS AND DISCUSSION

SEMIDIURAL LUNAR VARIATION.

Total Electron Content.

The amplitudes and phases of the solar and lunar components
of the TEC daily variation for two years at Hamilton and Ebro
are given in tables I and II, The data of Hamilton correspond

to the 1965-1976 period. and the data of Ebro to 1978-19796 The
probable error and percentages of the amplitudes with respect

to the man value of the data considered in each analysis are

also given. The analysis has been done for all data taken to-
gether and for the data distributed in three seasons Winter#



ALL DATA

5 3 0 D A Y S L U A 5-~

SrLAR TE-MS LUNAR 1Ei M
HA~f AMPLITUDE PHASE AMPLITUDE PHASE

2 %AL. Po6Ekh DEG 2 VALa PEhh DEC

I 64#3 558o'7 406 24306 1ol 9,4 500 15.1

2 135 117.3 3.0 83.7 1.7 14*8 362 126.8

3 502 44°4 1*4 27o9 008 7o? 1#5 213-3

4 2ot 1 7# 101 068

hINTEk

392 DAYS

SOLAk TEh.MS LUNAR TERMS

HARM AMPLITUDE PHASE AMPLITUDE PHASE

2 VAL. P.Ek DEC 2 VAL* P.Ehk DEC

1 81,6 637o9 8.5 251.5 1.3 9.9 403 347.9

2 25.1 196.2 4.1 82.4 2.5 19.2 4.3 131.8

3 70 54.5 3.3 15e4 101 8.7 3.4 298.3

4 6.2 48.3 2.2 253*5 0.2 1.9 203 170.6

EQUINOXES

148 DAIS
S4LAR TEDAY LUNAR TERMSHARN ATPLITUDE PHASE AMPLITUDE PHA.E

H VAL P.E k DEG3 2 VAL. P.ERR DEG

- 68.7 737.0 7,3 2414 1.5 154* 8.0 7*

2 12.6 134.9 4.9 75.4 1.4 14.6 5. 118.7

3 7.2 77.8 3.6 33o6 0.4 4.6 3.7 186.9

4 2.3 24.4 2.5 28600 0.1 1.0 P.6 29200

3l=I896 DAYS
A OLAh TERMS LUNAk TEhMfSj P

HAhM AML UDE PHASE AMPLITUDE PHAE C,

2 VAL. P.ECk DEG 2 VAL- P.ERR DEC

1 44.3 352.9 7.0 232.6 104 11&3 7.6 7507

2 4.0 31.6 2.4 121.5 1.0 8.P? 2.5 158.4

3 3.6 12.7 3.6 550. 1.4 1069 1*7 305.3

4 4.7 37.4 2.3 33.4 i.7 5.3 '2.1 59.3

Table 1.-Solar and lunar components at Observatorio del Ebro for

TEC data-of two years (1978-1979).
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ALL UAIA

SOLAh' 7EAjvI.5 LLJNAkh 1'W&ib
HAAM AMPI'LITUDE rIkIASE APIPL IUDEMIA F

2 VAL e i'.Ekk b L, 2 VAL *. i~Emn DEC
1 711.7 46.3 iJ.24 2142 5 1-.1 0.7 0*26 140

2 6*4 4.1 OoPiO 157 P a4 1.6 30 165.4
3 06.3 4ol Ooll ?I,1 wl6P 00 O.l2 314.5
A 1.4 0.) 00 11&7- 0.4 0.2 0.0f 24307

23 DAIS SLh1IM U~~1t

AMeITUDF A) A~eL I T U[E IHIASF
2 vAL.. P-. EkI~% EG VAL, i, N D 'I.

I 82.7 48 a Oe53 PI. 51-. o7 1.0 0 58 4
P 28.7 1 Ao 4 Oo44 58.*5 16.4 0.~ * .I 1iOof I)A

3 3.3 2.0 0.14 3414.3 0* Oo3 O*PJ 47.7
4 5.1 3.0 0.14. P16.7 0l.2 0 0,) .1 4 3 40,.

241 D)A f

4 1~,0 A iD PLII F F 1 P MIFL1 17 Ut; E' ~~
A7 VAL*. Fa6E' 2) VAL* reoih U r

1 75.9 AS4 00.0 213.' 1.1 0i7 0 9 5 3)*3

2 714 5.1 O.37 79&7 4~. P.8 0*34 IA403

3 Sol 5.2 04-PI P70.5 1.00 0.7 (1.o2P P)A6 1

:30LAt% 7FKM: LUNAh Tk9
HAhPI A.' t IT UD E PHIASE APIPL ITUD Ke

I VAL e . .Etr DE(C 7 VAL . P*- DEC

1 61.3 4.1 0.33 233.? 1.3 0.7 0.3's 336.2

2 14.3 9*8 0.34 225.0 P.0 3.4 1O.3f 151

3 7.7 5.3 04.17 270P 06.4 043 0.ld 130.7

4 6.1 4.P 0.13 30.1 0.7 0.5 0.33 P67.6

Table 11. -Solar and lunar components at Hiamilton for TEC data of
two year. (197541976).
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equinoxes and summer. No previous filtering of data has been

performed and the only data rejected are those belonging to

days in which at least one hourly value is missing. The number
of days included in each analysis is also given in the tables.
The amplitudes and phases of the lunar components of the ta-

bles are those of the equation

t ,I,

L=1,, sink((n_-?)t+2+ AJ)

wheretand"z" designate respectively solar and lunar time.
As compared with the results of the previous report, the

present results show a diminution of the probable error (as

expected) in practically all harmonics, indicating a better

accuracy. Only in two oases the errors have increased a little,

and both oases correspond tO winter: the 2nd harmonic of Hamil

ton and the 4th harmonic of Ebro. In these two cases also the
solar errors increased. We can say thatt as a whole, the luni

solar results of Ebro show an improvement, particularly in equi
noxes where the secondharmonic is now significRnt. The results

of Hamilton on the contrary, are less satisfactory, because not
only the error but also the amplitudes of the different harmo-
nics have diminished, causing some of them to become not signi-

ficant, as, for instancet in winter when no harmonic remains
significant. An ulterior study of the data (particularly those
of 1975 that probably have some discrepancies with the original
ones) is needed to determine the cause of these results. Never-

theless, the results are consistent with the ones found for a
year in the sense that most of the harmonics found with data of

a year remain within. the probable error circles of the oorres-

ponding harmonics found with data of t'o years.

The results found in the previous report, indicated that the

lunisolar harmonics of Ebro in equinoxes were not significant

and we suggested that the cause of it could be the change of

possition of the focus of the dymmo ionospheric currents. Since

the present results show that the second harmonic of Ebro at

equinoxes is significant, this conclusion has to be revised,

In fig, 1 the harmonic dials of the lunisolar components
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Fig. I. - Lunar harmonics for TEC data of two years.
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of Ebro and Hamilton are shown for comparison. As can be seen

the second harmonic of Ebro is rotated clockwise a little o.s
re than 30R (that corresponds to lh) with respect to the me.

cond harmonic of Hamilton. Wibh the data of only a year (of.
Alberoa et a. 1981) the rotation was a little less than 300,

The other significant component of Ebro is the third one. Tt

isalso rotated oloakwise with respect to the one of Hamilton,
although the rotation is less than 309 and the difference of

amplitudes are much bigger than in the case of the second hal
monic. The other twQ harmonics are significant in Hamilton
bu.t not in Ebro. The first ones are very near from each other

but the fourth ones are almost in opposite phase.
Taken the phase as the time at which the maximum varia-

tion ocours, as many authors do# the phase of the second har-

monic at Ebro osoilates between lOhrs in summer and llhrs in
equinozes, while at Hamilton it ohanges from 8.5hrs in winter

to l0hrs in summer. These results are in agreement with the
values found by other authors for the lunisolar variation of
foP2 and NmP2.(Ofr. Matsushita,1967, Handa,1978,eto.).

Comparing the amplitudes of the second harmonic for the

different seasons, we find that,at Ebro, the amplitude is lar
ger in winter then in summer, (in agreement with Shatten and
Mendillo(1980)) reaching an intermediate value in equinoxes.

In Hamilton the maximum value is found in equinoxes and the
minimum one in winter..Matsushita(1967) reports results of so-

me midlatitudes stations where the amplitude of the second$ harmonic of foP2 is greater in summer then in winter, in apre

ement with the result of TEC in Hamilton.
The differences of the amplitude of the second lunar harmonic
between winter and summer, confirm the results obtained with
the data of one year.

0omarison with other ionosiherio Darameters.

The results for the year 1979 in Ebro of the Faraday angle
(proportional to TEC), the critical frequency of the P2 layer
(foP2), the electron density of the maximum of the layer (Sx),

Tbv "parabilio heigth" (hpP2) and the slab-thickness (T) are
*aL ir *bles Ill-TI. The results of the analysis of hpP2

Newsm ",- .-



ALL DATA

Pt 5 DAYS ,AiLAn TEhd.b LUvAh 'IF-0r'

, VAL P. Em, IEt: VAL .P. L

I 67.P 68l.. 6.5 pA3.1 .5 . 7.) I 5

2 15.7 1 5. 3.8 64.7 1.6 5.F . 12.5

3 5.4 54.3 1.") 23.3 160 I0 .5 ?. 0

4 .,4 3. . 286. O 2 .0 1.6 P -.

115 DAY -

IAIV, MVIkL I I UDF HASE A.,l&L I I UO F r:iA.3
2 VAL. F. l£ \ DEC 17 WAL. e . iEr, D FC

1 81.1 * II, 80.o0 ..6 5.7 I ,h 9dZj,

P 24.5 PZ4. 8 4.6 83.1 2.0 1 ..) . 12P5.7

3 7.5 74. 3.4 13.$ 1.1 0.7 3.) 30.1 5

4 6.0 5).6 3.p 2 5O.2 0.2 1.7 3.3 1 i8.0

EU UI NOA ES

70 DAAYS
SOLAt, TFI\,., L hrS:A "I F KM

HAhl APL I I UDE IJHAb E AIPLI 17 UlD F eliA:

VAL Pe DE: VAL. e .EVK

1 67.3 )01.) 15.6 240.7 4.6 1.6 17.o 354.6

2 13.6 11.6 . 2.8 37.P . A 1.4P

3 6.7 90*3 53 P7.8 0. 6 8.P 5.5 247#3

4 2o0 37.4 46 P88. 0 .6 7.7 4*6 11.3

100 DAYS

SObLAk IEWN,1 L VOAih IE'hS

HAhM AMFLIUDE A APIPLI I UDE

I VALe * .EhK DEC, 2 VAL. Pe EKIt DEC

I 48.3 3)5.5 10.5 P35.4 2.1 17.? 11.5 113.6

P 5.9 48.P 468 9).3 0.l 0.7 5.0 15.6

3 1.6 13.0 3.1 7*2 1.5 12.3 3.2 31P.?

4 5.l 41.6 3.3 35.2 067 5..4 3.4 1 07o.7

Table II. -Solar and lunar components at Observatorio del Ebro for

TEC data of 1979.



ALL DATA

3323 AY

232D~'S SOLArk TEkWMS LUNAh lEEiMS

HAWM AMPrLITUDE PHASE AMPiI IIUDE PHIASEI

2 VAL 9 P Ehm, DEC 2 VAL* P.Ehhk DEFC'

1 35.3 31.4 0.4 P46.0 0.5 0.5 05 p6

p 7o4 6.7? 0%2 103.? 0.7 0.6 0.? 152.7

I" )3 DAYS
S>OLAm' TEIk'1S L UN.Ah T Fk'..

HAthM A?", rL I T UDE PHA!SE Al",PL I IUD F Pi-ASF

I VALs P F~ DEC IF 4AL. e-.Eth DFV

1 50.1 43.3 0.5 ?54*4 0.6 0.6 095 221.3

? 13.5 11.6 0.3 101.5 l.1 1.0 0.3 157.)

3 10.5 )-1 0.? ?').? 0.0 0 0 0.3 p 10. 0

*4 504 4.6 0.? P63.*3 0.3 O.3 Oo? 353.7

42 DAYS -OAKLNt

HAW'. A", PL IUD F IPHASK -A~LI 'IUD E P~

7 VAL* P. Ekr DEC JT VAL. e.h~ )

1 32.0 30.4 0@6 P3)*5 1.7 1.6 0 40

2 hi 4s.6 0.3 10604 0., 0.6 0.03 155.8

3 6.5 60? 0.3 34.5 0. 0.2Oo 0.?: 3)6

4 1.6 1.6 0 0.3 344 o P 0.2 03.o 0.a3 77.7

47 DAYS

HAM AMi I I UD) ~ E Aif.iPL I I Ui)E1Ab
I VAL. o M e DEC1)f 2 %4AL oP Fh)A DF

1A$66 14.? 0.7 222.8 lop lot 0-n.4.'

p top l.1 0*.5 10 ).? 0.7 0.6 0.o5 243.0

3 3.8 1.6 0.3 6po0 0.8 0.7 0A.3 3t'?.A

*4 3.0 2.6 F .3 36o 6 0.3 02 4 I0A. 4(?

Table IV. -Solar and lunar components at Observatorio del Ebro for

foF2 data of 1979.



ALL DAlIA

P232 I)AYS
sOLAI EW~S L UPAk I TEktS

Hi' AMPLITUDE PHASE W11-1. 1UO F P14ASF
7 VAL* Pe.E:M D 2 VAL, PeEk~k DEr

1 65.9 735.9 11.01 248.) 1.4 15.4 11.99) P55.7
9 15.2 16494 5.13 44.0 1.4 15.1 5.3) 131.8
3 11.3 1 P5.9 3.55 27.1 1.0 11.1 3.69 321.0
4 3.1 35.0 3.84A 265.3 - 0.3 3.7 3.9)6 147.9

IiINTEh

93 DAYS
SOLA' TEWItS LUINAK IEIKMb

HAIhM AMP2LITUDE PHASE AM'L I TUDE NS
2 VAL* P# Ek D E C VAL* F.Eh*% DEC

1 89.9 972.6 12.26 257.6 I.7 14.1 13.39 231.-1
2 27.5 298.0 6.44 96.4 1.6 17.6 6.77 140.3
3 15.6 268.9 66.) 21.7 0.5 5.4 6.30 300.8
4 9.61 106.6 5.56 245.4 0.1 0.6 5.73 326.2

* EFUUINOXF2S

92 DAYS
SOLAJ% TEkM5 LUNMAh TEkMb

HAWM AMPIT[UDE P-HAS E W~WLI I? D eASF
2 ViAL* IEkh DEG I VAL* I'.Ekk 1) E C

1 0;1*0 739.5 22.36 242.6 3.3 40*5 23.P6 33133
p 4 6 116.7 8.,11 40.(l 104 23.0 ?'.055 150.5
3 Its? 135.8 7sOA 30.6 004 7.1 7.33 3?3*6

4 1.5 1 7.A 7.6A6 328.1 0.3 3.4 7*80 77.0

'47 DT
SOLAK~ ]Et~MS LUVAKI~ FI:)S

HAk A",PL 17UD F PHIASE AMPhL I IUUFP4Ia
% VAL* F.Ekh~ DEC. 2 VAL. k'.Fhh L) IF C

I 3P.1 321.1 14.29) PPde.3 P.4 286A 15.63 107@-3
2 96p Pt.R 10.25 64. 1 1.06 15614 IAb '3 ;)3A 4
1 9.8 27.r35&S 6o es 1.6 15.6 0;s 31 5
4 5*.9 5H 58. 6.70 40~. 5 00 S 76A (-*0 134.1

* Table V. -Solar and lunar components at Observatorio del Ebro for
Nrm data of 1979.



hpFZ (1979)

ALL DATA

134OLAI I EhMS L UNy, SE m-b

HAW"' APIPL I TUDE PH AS E AMI'L TUUI, kAAbE
% VAL. PoEkh DEC I VAL, P • Ehh D!V.

8.6 32.3 1.78 65.6 0.9 3.4 I. 317.*
P 7.3 P70 O,8P 48o3 045 2.0 0 66A 248.3

3 P. -. 7 0.68 2P7.5 0.1 0.5 0,70 172.

4 Pop 8,1 0.61 176.7 0., 1.4 06A 14545

SLAB-THICKNESS (1979)

ALL DAIA

176 DAT.S
SCLiLAh IFIM"S LUNAr, 1Ehr S

HAkfM AMPL I TUDE -AE A.FL 1I UbE PAF.
x VAL* P Ehh DEC I VAL. eFkh D r

-JOS5 11,7 0,4P 14P-7 0, 7 004 1 $00 3AA 0 1

P 0.6 0.8 0o54 P63.P O.3 04 O,.5A 11.7
3 7o 8.8 0.38 Ph.6 lot 1,4 0.40 307.1

4 1. * 0.35 144') 0,o 1.1 036 213.P

Table VI. -Solar and lunar components at Observatorio del Ebro for
data of 1979.
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and t by seasons have been emitted because of the small num-.

ber of data involved*
As can be seen,the results of foP2 and Nm are very similar,

therefore, we shall discuss the results of Nm. We shall use the

results obtained for foF2 only when comparing with authors that

analyse this parameter.

The second lunisolar harmonics of Nm and TEC are always
significant except in summer, when only the third harmonics are
significant. The third harmonics of both parameters are also

significant when the data of the whole year are taken together.
There are two harmonics that are significant in TEC and not in

Nm, the third harmonic of winter and the first one in equino-
xes. Nevertheless the phases of these two harmonic of Nm are

very near to the corresponding oner of TEC, For an easier comp!
rison of the results of the two parameters, the dials of the lu
nar harmonics are shown in figs. 2-4 . The dials corresponding

to summer have been omitted because of their small significan-.

ce. As can be seen, all significant harmonics and most of the

non significant ones are very similar and practically all the
harmonics of a parameter are within the error circle of the *o

rresponding harmonic of the other parameter.

The results of the slab-tkioknessthat appear in table VI,

do not show a significant lunar influence. However$ the number

of data analised is not enough to conclude the non existence

of such an effect.
The number of data of hpF2 that we have analysed is also

small but the results appearing in table VI show that the second
lunar harmonic is significant.

The time of the maximum variation of te second lunar harmo
nic deduced from the results of tables V and VI is 9.9hr. for
foP2 when all data are considered and 6.lhr. for hpF2, so that
the difference between both is 3.8hr. Matsushita (1967) finds
that for midlatitude stations the maximum lunar variation of
foP2 occurs at about 10hr., like the volue of Ebro. For hmax
P2 (equivalent to our hp) he finds that the maximum variation

takes place between 6-Thr. that agrees with our renults.Accor-
ding to the same author, the difference between the phases of



TEC

2.1 .

1

Fig. 2. -Lunar harmonics for data of 1979.



1 10

0 NM

* i Fig. 3. - Luinar harmonics for winter 1979.
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foP2 and hmaxP2 for the same station is about 3hr.9slightly
lower than the value found for Ebro. Handa (1978) finds at
two midlatitude stations (Wakkanai and KoKubunji) for the time
of maximum variation respectively 8,9 and 8.Shr. for fol2 and
5,2 and 3,0hr. for hmP2 (although he gives these last two va-
lues as not significant), The values of Wiakkanai are a little
lower than our. results but the difference between the phases
of both parameters is similar to the one found for Ebro. The
values of KoKubunji are also smaller than those of Ebro but
the difference of phases is bigger,

In fig. 5 the lunar variation of the first four harmonics
corresponding to all data of 1979 of TEC and Nm are shown for
15 lunar days of different lunar ages, from new to full moon.
The time of the solar noon has been marked. As can be seentthe
variation is very similar in both parameters, showing the maxi
mum amplitude during solar day light hours, near solar noonoSin
ce the data have been obtained through very different methods#
the similarity of the results seems to enforce their signifi-
canoe.

Pig. 6 corresponds to the variation of the first four har- 
monios of Nm and hpP2 in a representation similar to the one

of fig. 5. The 4hr. time lag(almost out of phase)between the
phases of the second harmonic of both parameters is apparent#
The maximum amplitude of the hpF2 variation takes place several
hours away from the solar noon. This effect is better seen in
fig. 7 where the same variation is shown against solar time.
The maximum amplitude of hpP2 takes place near and usually be-
fore 6hr., while the maximum amplitude of Nm remains between
about 6hr. and a little after noon. The maximum amplitude of
the variation occurs at about 17 hr. for Nm and about 16hr. for
hpF2,

It seems that there is another effect that appears in fig,.
7. From 10hr. on, and for about 12 hours every day, the varia-
tion of hpl2 seems to be in phase with that of Nm, altough the
amplitude is smaller. This effect can be caused by the relati.
vely strong 4th harmonic of hpF2 that is in phase with the co-
rresponding one of 1am. The fact that it always begins at the
same solar time indicating a solar control. Honda and Maeda.
(1978) numerically calculate the lunar tide from the electro-
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magnetic drifts ossociated with the lunar electric current in

the dynamo region. They find that the lunar variation of NmP2

is in phase with the lunar variation of hmF2 during day and ont

of phase during night. This result is similar to the one we

find from fig. 7, but the periodes of similar phase and almost

out of phase we find are not centered in the day but shifted

a little Towards the later hours.

E MIMONTHLY LUNAR VARIATION,

The semimonthly lunar variation of the TEC data for every

solar hour have been obtained for Hamilton and Ebro by the pro
cedure described by Alberca et al. (1980). The results for the

two year's data and for the different seasons are shown in

figs. 8-11.
In general, at both stations, the amplitude increases in

the morning and diminishes in the evening, having higher values
during day than during night. Only in summer the amplitude of
Ebro has the minimum value at 10 3LT; in all other oases, the
minimum takes place before 6 SLT. Summer is also the season
when the amplitude shows two clear maxima in both stations: at

9 SLT and 18 SLT in Hamilton and at 2 SLT and 16 SLT in Ebro.
The phase goes usually twice through zero: between 8 and 1l

SLT ana at the end or the beginning of the day. When this pa-
ttern is not followed (like at Hamilton in winter or at Ebro
in Equinoxes), the phase remains nearly constant (near 0 or
12) till abont 8 SLT when it begins increasing more or less
regularly till the end of the day.

The same analysis, has been applied to the 1979 Ebro data

of TEC, Nm and hpF2. The results are ahown in figs.12-14. We

are not giving the results of.the seasonal distribution of the

Nm and hpP2 because of the small number Of data of such a dis-

tribution.

The results of T3C are, of course, very similar to the ones

obtained with 2 years data. In summer, however, (fig.13) both

maxima are delayed; the first one to 7 SLT and the second one

to 16-17 lT. Besides, the amplitude of both maxima is nearly
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equal, so that the similarity with Hamilton results has incres

Bed. The phase in summer kas a sudden decrease at about 12 5LT
that does not appear in other cases. Nevertheless, the signifi

cance of the summer results is very low, so that these featu-

res have to be taken cautiously.

The maximum amplitude of the semimonthly lunar variation

of Nm (fig.14) occurs a little earlier than the corresponding

maximum of TEC (fig.12). Also the minimum, that for the parame

ter Nm takes place at 17-18 LST, seems to have been delayed to

the early hours of the (next) morning for TEC. Similarly the

night zero of the phase of Nm occurs at 19 LST while the zero

of TEOC occurs later, at 24 1ST.

* The variation of the amplitude of hpF2, besides the main

maximum at 4 SLT and the secondary one at 20 50T has a small

maximum al 12 SLT. The main minimum takes place at 15-16 SLT,

very near the minimum of the amplitude of Nm. These amplitude
variations can be seen also looking at the changes of amplitu

de from one day to another at a fix solar time in fig. 7.
The phase of the semimonthly lunar variation of hpF2,that

goes through zero between 6 and75LT, has a sudden decrease bet
ween 15 and 16 SLT, just when a increase in the slope of the
phase of Nm begins. Handa (1978), finds an amplification of the

semimonthly lunar tide ef foP2 and hmP2 at about 2-6hr in the

morning and about 18-22hr in the evening at Wakanaii.He finds
a similar amplification at KoKubunji except for f9P2 in the

morning, We find this effect only in the hpl'2 variation and In

the variation of the two year TEC data of Ebro in summer. The

variation of the other parameters in summer ( even Nm and hpP2

not shown here) is similar t that, but the morning maximum is

a little delayed with respect to the results of Hands.
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CONCLUSION'.

Taking the phase as the time of the maximum variationthe
analysis of two year of TSC data by the Chapman-Miller method
gives a value of the phase for the second harmonic of the diur

nal lunar tide that goes from l0hr in summer to llhr. in equi-

noxes at Ebro, and from 8,5hr in winter to lOhr in summer at

Hamilton, When the data of the two years are taken together

the phase in lO.8hr al Ebro and 9.5hr at Hamilton. The amplitu-
de of this harmonic is maximum in winter (2%) at Ebro and maxi
mum in equinoxes (4 % ) at Hamilton. The minimum amplitude is
reached in summer at Ebro and in winter at Hamilton.

The Chapman-Miller method has also been applied to several

ionospheric parameters recorded at Ebro during 1979. The phase

of the second lunar harmonic is lO.3hr for INmP2 and l0.9hr.for
TEC. The lunar variation of these two parameters,when the four

lunisolar harmonics are considered, is very similar. This fact

seems ro reinforce the significance of the results. Both pare

meters have the maximum amplitude of the second lunar harmonic

in equinoxes, while the amplitude of this harmonic in summer

is too small to be significant. The results for foF2 are also

very similar to the results of NmP2, being the phase of the se

oond lunar harmonic 9.9hr. The phase of the second harmonic of
hpP2 is 6.1hr. about 4hr.less than the phase of Nm and foP2.
When the first four lunisolar harmonios are taken into conside

ration, the maximum variation of hpF2 takes place near and usa

lly before 6hr., while the maximum amplitude of Nm occurs bet-
ween about 6hr. andalittle after noon.

When we compare the lunisolar variation of hm and hpP2 du-

ring several solar days of different lunar age, besides the

4hr. time lag between the phases of the second harmonics of both
paramtersaaefter effect seems to appears for about half a day
beginning at 1000 ST the variation of both parameters seems to

be in phase. The number of data is so small that we cannot say
wether this is a real effect caused by the different response

of the ionosphere between day and night or wether it is only
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the result of the anomalously high amplitude of the 4th lunar

harmonic of hpF2 in phase with the 4th harmonic of Nm,

The'slab-tickness' of the ionosphere does not seem to have

a clear lunar tide. Nevertheless the number of data used in

this analysis is not enough to consider this conclusion as a

final one.

The semimonthly lunar variation of TEC in Ebro and Hamil-

ton shows a clear dependence of the solar time. The same thing

happens to the NmF2 and hpF2. In general the amplitude increa-

ses during the morning and decreases during the evening. Only

hpF2 always, and the other parameters in summer, present two

maxima with a secondary minimum near noon. The minimum of the

amplitude of TBC occurs at the first hours of the day while

for Nm and hpF2 it takes place respectively at 17 SLT and 15

SLT. The phase goes usually twice through zero, except for

hpF2. One zero of the phase occurs between 8 and 12 SLT while

the other one takes place near midnight. The zero of the pha-

se of hpF2 occurs at 7 SLT.

The probable errors of the different harmonics are not

low enough to give more detailed accurate conclusions. It se-
ems that a previous filtering of data is needed iqjrder to eli-

minate anomalous values without masking the small real lunar va

riation,and this probably requires a bigger ammount of initial

data*
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